Precise analysis using the denaturant gradient gel electrophoresis which was devised by Fischer and Lerman (Cell 16, 191-200, 1979), was found to present specific patterns of fine structures for double stranded DNA fragments. These seem to be a mobility change of DNA fragments caused by specific denaturation processes.
Precise analysis using the denaturant gradient gel electrophoresis which was devised by Fischer and Lerman (Cell 16, 191-200, 1979) , was found to present specific patterns of fine structures for double stranded DNA fragments. These seem to be a mobility change of DNA fragments caused by specific denaturation processes.
The effect of denaturants on DNA melting was ascertained to be similar to the effect of temperature.
The observed patterns, in comparison with the melting processes of DNAs theoretically obtained, were closely related to DNA meltings and strand dissociations.
A number of electrophoretic mobility transitions showed the retardation correspondent to each of the cooperative meltings.
Strand dissociations occurred under the conditions theoretically pre dicted. The degree of retardation in electrophoresis for DNA fragments seemed to correspond to the size of melted regions.
Methods presented here were proved to have advantages over the conventional ones for the study of DNA stability maps.
The dual functions of DNA molecules, the carriers of genetic information as sequences of codes and the regulators of gene expression as polymorphic structures (1, 2) , have been emphasized.
A simple example of structural polymorphism is the heterogeneity of structural stability along DNA strand.
Studies on DNA melting have revealed the heterogeneity of thermal stability (3) . Spectroscopic measurement and electron micro scopic observation have played important roles experimentally.
On the other hand, melting proc ess of DNAs can be simulated theoretically from their known base sequences (4) (5) (6) (7) . Notwithstand ing these methods, more sensitive, informative, and convenient techniques are awaited.
Fischer and Lerman have introduced a new technique for sep aration of DNAs, i.e. denaturant gradient gel electrophoresis (8, 9) . They succeeded in separat ing DNA fragments in two dimensions, one by the length and the other by the 'sequence. ' They also inferred that the separation of DNA fragments by their sequences came from the retardation caused by their partial melting. Lyamichev et al. devel oped the technique so that the partially melted regions in DNAs at a certain temperature which were fixed with glyoxal before gel electrophoresis could be identified because the melted regions caused a remarkable retardation in gel electropho resis (10, 11) . Their method can, however, only detect the partial melting of DNAs in one dimen sion and does not offer further information. We advanced denaturant gradient gel electrophoresis for the analysis of structural stability of DNA and discovered that even fine structures in DNA melt ing originating from cooperative melting could be directly detected with denaturant gradient gel elec trophoresis. In addition, strand dissociations could be observed in the same experiment. When dark-brown bands appeared (usually after 5-10 min), development was ceased by trans ferring the gels into a stop solution (45% (v/v) methanol and 10% (v/v) acetic acid in water). The stained bands in the gels were photographed. M obility Transition and Denaturant Concentra tion-C,, the denaturant concentration (mol/liter) at the beginning of the first mobility transition, was plotted as a function of temperature, T, at which electrophoresis was done. An approxi mately linear relationship between T and C was obtained for each fragment within the range tested (Fig. 3) . As we observed that urea has an analo gous but rather weak effect compared with form amide on denaturation of DNAs in denaturing gel electrophoresis, the denaturant concentration of total denaturants, C, could be expressed as: tion of total denaturants at the beginning of the first mobility transition, and a=3.6 (K/M). To is a constant which depends on the species of frag ments, and seems to have a relation to the melting temperature (Tm). Similar results had been ob tained by Hutton (17) in an experiment measuring the melting temperature of a DNA in a solution containing a denaturant. This supports the valid ity of our experimental system. The effect of denaturants on DNA melting (which is later clari fied) is expressed to be equivalent to that of tem perature in this formula. In this case it includes two MTT-Is. C, Cmin, and Cf are the de naturant concentrations at the beginning of transition, the minimal mobility, and the end of mobility transition, respectively. Mobility Transition and G+ C Contents of DNAs-From the thermal melting experiments of DNA strands, the stability of DNA helices is known to have a strong correlation with the G + C contents of the strands (18, 19) . Here as an anal ogy of melting temperature (Tm), a parameter Cm which is equal to (Co+ Cf)/2 is introduced. Note that Cm does not stand for the concentration of 50% DNA melting whereas Tm does. Figure 4 shows the correlation between Cm and G + C con The parallelism is reasonably understood pro vided that these two kinds of experimental results are based on the same phenomenon, i.e., the step wise cooperative (thermal or denaturant-induced) melting of DNAs which may lead to a stepwise decrease of mobility in gel electrophoresis (20, 21) .
Strand Dissociation- Figure  5 also implies that there is a good correspondence between theo retical strand dissociations and experimental MTT-II's for all the fragments. Figure 6 indicates that the 50% strand dissociation temperature has a strong correlation to the beginning of an MTT -II. For those bands where MTT-IIs disappear, Fig. 6 gives an explanation.
In such cases as indicated with squares and a dashed line in Fig.   6 , strand dissociations occur simultaneously with MTT-I's without leaving short and sticky double helical regions which cause remarkable retarda tions. An MTT-I is thus comprehended as a mobility-decreasing process caused by partial melt ing, and an MTT-II as a dissociation process from partially melted double strands into two perfectly dissociated single strands where the latter migrates faster than the former but slower than a double helical DNA, because the molecular weight is reduced to half. There is another pieced evidence that an MTT-II represents strand dissociation. The parts of bands located just after the beginning of an MTT-II were faintly stained with EtBr while clearly stained with silver staining.
EtBr inter calates into DNAs so that ds DNAs are stained more than ss DNAs.
On the other hand, the silver staining will be more preferable for ss DNAs than for ds DNAs because silver ions can reach amino groups in DNAs more easily (13).
Structure
and Mobility-As shown in Fig. 7 , ds DNAs migrate faster than the corresponding ss DNAs. They make a distinct series of mobility from that of ss DNAs; the line for ds DNAs intersects the ordinate at a higher point than that for ss DNAs. The mobilities of denatured DNAs are positioned between the two lines, one for ds DNAs and the other for ss DNAs of two-fold length. The length of the ss region of a fragment theoretically obtained was plotted against its mo bility (Fig. 8) based on the observation that MTT -I's correspond to cooperative melting of DNA as discussed above. As shown in Fig. 8 , mobility of partially melted fragments is mainly dependent on the length of their single stranded regions, espe cially when the extent of melted regions exceed ca. 40% (then the ss regions are calculated to be dominant in length to the remaining ds regions). Fragments containing an ss region of more than 1,500 by lose their mobility in a 4% acrylamide gel at the point where the ordinate in Fig. 8 is intersected by the line. This means that the mo bilities of partially melted fragments are chiefly Discussion-The effect of denaturants on DNA melting was equivalent to that of temperature (Fig.  3) . It is also supported by the linear relationship between the temperature of strand dissociation theoretically determined and the experimentally determined denaturant concentration of dissocia tion, as shown in Fig. 6 . In this case dT/dC= 3.1, which is close to the value appearing above and closer yet to the value reported in Ref. 17 . These facts proved it rational that DNA melting can be tested theoretically by regarding the melting as a temperature-induced phenomenon instead of a denaturant-induced one. Both types of mo bility transitions are closely related to the well known phenomena in DNA melting, cooperative melting and strand dissociation.
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